To determine whether and how cognitive impairment interacts with therapy intensity to affect functional improvements in older stroke patients over an 8-week postdischarge intervention delivered in a community setting.
| INTRODUCTION
Stroke is a leading cause of adult disability worldwide. Approximately 40% poststroke patients are left with moderate functional impairments (WHO, 2016) . The treatment of stroke survivors is often a long and complex process, involving multiple healthcare needs concerning the medical, functional and psychological aspects (Capistrant, Wang, Liu, & Glymour, 2013; Teasell et al., 2015) . Conventionally, hospital-based rehabilitation has been limited as many of the care needs only emerge when poststroke patients return home. Transitional care models, which were designed to ensure the continuity of care for postdischarge patients, have proved promising in supporting patients recovering at home (Coleman & Berenson, 2004; Wong, Chau, So, Tam, & McGhee, 2012) .
Research has demonstrated the positive impact of some community-based rehabilitation on the improvement of functional ability of patients with mild or moderate disability (Dewan, Skrypak, Moore, & Wainscoat, 2014; Walker, Sunnerhagen, & Fisher, 2013) . What remains unclear is the type of service delivery model that works best for stroke patients with great variations in rehabilitation potential.
Evidences are prevalent that some patients show minimal improvement despite long-term and intense treatment, whereas others make remarkable progress with relatively little rehabilitation (Hoffmann, Bennett, Koh, & McKenna, 2015; Koh, Chen, Petrella, & Thind, 2013) . A major challenge confronting healthcare provider is to identify patients who are more likely to benefit from rehabilitation.
Cognitive status has been regarded as an important predictor of rehabilitation success (Chen & Thompson, 2010) . Some studies associated cognitive impairment with limited functional recovery of older patients (Hardy & Gill, 2004; McGilton et al., 2016 ), yet others revealed comparable functional gains among older patients with and without cognitive impairment (Allen et al., 2012; Muir & Yohannes, 2009 ). Although informative, few of these studies were clear as to how cognitive impairment may affect outcomes through its interaction with the rehabilitation process (e.g., the length and intensity of rehabilitation intervention). In particular, high-intensity rehabilitation using physical therapy (PT) or occupational therapy (OT) has been recommended as being effective in improving functional outcome of chronically ill patients (Lenze, Host, & Hildebrand, 2012; Outermans, van Peppen, Wittink, Takken, & Kwakkel, 2010; Singh et al., 2012) .
However, it is unclear whether stroke patients with and without cognitive impairment could achieve the same outcomes when being treated with such high-intensity rehabilitation. Addressing this knowledge gap will inform the establishment of effective interventions and cost-effective service delivery approach for supporting stroke patients recovering at home and will also facilitate front-line healthcare providers in setting suitable and achievable rehabilitation goals to avoid creating false-hope-related burden among patients and family caregivers.
Therefore, the objective of this study was to assess whether and how cognitive impairment may interact with different levels of therapy intensity to affect functional improvements among older patients over an 8-week postdischarge intervention at the community settings. IDSP recruited community-dwelling participants using the following criteria: (a) aged 60 or older, (b) having been discharged from a public hospital and (c) was identified by the hospital discharge planning team as having high readmission risk if they scored over 0.2 for the index of Hospital Admission Risk Reduction Program for the Elderly (HARRPE), a validated index in Hong Kong of the predicted probability of emergency admission to acute medical ward within 28 days after discharged that was estimated in the basis of 14 clinical factors covering patients' socio-demographics, prior service utilisation, presence and number of comorbidities and types of current hospital discharge (for more details, see Chan et al., 2007) . Under the IDSP scheme, all eligible participants (N = 1,978) received an 8-week intervention immediately after their hospitalisation (no within-hospital rehabilitation services were provided).
| METHODS

| Design and setting
The IDSP scheme was built on the Health and Social Integrated Model in Transitional Care (HSIMTC), of which the protocol and successful factors have been reported in detail elsewhere (Lin, Luk, Chan, Mok, & Chan, 2015; Wong et al., 2011) . The service delivery was organised into five phases: initial contact (Day 0), home visit after discharge and design of the individual care plan (Day 1 to 2), continuous support of rehabilitation needs and daily activities (Day 1
What does this paper contribute to the wider global clinical community?
• Distinct trajectories in functional recovery among patients with and without cognitive impairment were found during a community-based rehabilitation intervention, in that increasing therapy intensity from moderate to high benefitted cognitively intact but not cognitively impaired patients.
• The current study added new evidence of favourable functional outcomes led by the increased therapy intensity among cognitively intact stroke patients, which may inform poststroke management considerations in allocating more rehabilitation resources for enhancing therapy intensity when serving for these patients.
• Home-based interventional rehabilitation targeting the group of cognitive impaired poststroke patients may need to go beyond a sole focus on increasing the intensity of intervention, instead, to develop more specialised evidence-based practices to better response the needs of this population.
to Week 8), interim case review and readjustment of service provided (Week 4), and home visit for evaluation before case closure, and arrangement of service extension and/or refer to long-term care services for cases that assessed to still have difficulties to live independently (Week 8).
| Participants, recruitment and data collection
The used sample of this study was a subset of patients originally 
| Cognitive status
Cognition was measured using the 10-item version of Abbreviated Mental Test (AMT). It is a widely used cognitive screening instrument developed by Hodkinson (1972) , and the validated Hong Kong version of AMT (Chan et al., 2013; Lam, Wong, & Woo, 2010; Pendlebury, Klaus, Mather, de Brito, & Wharton, 2015) was used by the IDSP team to measure the cognitive status of enrolled patients. Patients scored 7 or lower were identified as cognitively impaired in this study.
| Therapy intensity
Treating therapists recorded data on therapy time for each patient during each physical and/or occupational therapy (PT/OT) session across the entire programme. It only included time for direct treatment (e.g., patient was instructed to do a therapeutic activity) and/or evaluation of patients but excluding meeting or documentation time.
The average number of therapy hours each patient received (total therapy hours divided by total number of therapy sessions) was calculated as his or her intensity scores. Three categories were created for analysis: low intensity (<1 hr); moderate intensity (1-3 hr); high intensity (3 hr or more). This categorisation was used considering the almost identical distribution of patients in each group, and the consistency with previous studies concerning the distinctiveness between low/moderate and high-intensity treatment (Jette, Warren, & Wirtalla, 2005; Lenze et al., 2012) .
| Functional ability
Functional ability was measured at baseline and after intervention using the 10-item Barthel ADL index (Collin, Wade, Davies, & Horne, 2009; Wade & Collin, 1988) , a tool to measure individual's basic self-care ability in bathing, toileting, dressing, eating, handling personal hygiene, going upstairs and downstairs, ability to move, transferring, bowel control and bladder control. Bathing and personal hygiene were measured by a 2-point scale, with 0 = dependent, and 1 = independent. Ability to move and transferring were measured by a 4-point scale, with 0 = dependent, 1 = major assistance, 2 = minor assistance and 3 = independent. Others were measured by a 3-point scale, with 0 = dependent, 1 = assistance require and 2 = independent. The summed ADL score could range from 0-20, with higher score indicating better ADL ability. The reliability of the ADL score in our sample is 0.926. The improvement in ADL score is calculated as the difference between baseline and postintervention ADL score.
| Ethics
The study protocol was approved by the Human Research Ethics Committee of the authors' affiliated University. Written informed consent was obtained from all participants after being briefed on the study purpose and confidentiality issues.
| Data analysis
Demographic, baseline clinical characteristics and therapy intensity were analysed using descriptive statistics. The normality of continuous variables used in analysis was confirmed using skewness, kurtosis and indices probability plots. Levene's test was used to confirm the normal distribution of dependent variable and to ensure the homogeneity of variance assumption. We imputed missing data for marital status and educational level by subgroup medians, respectively (see Table 1 ), which is an appropriate method when the number of missing values for categorical variable is very small (Polit & Lake, 2010) . For the differences between patients with and without cognitive impairment, chi-square test was used for categorical variables and independent sample t test for continuous variables. As for within-group comparison, the paired t test was used for the LIU AND LOU | 49 parametric analysis of dependent variable. These effect sizes were calculated using Cohen's d (small = 0.2, moderate = 0.5 and large = 0.8) and Cohen's d corrected by the dependence between means (Cohen, 1988; Morris & DeShon, 2002) . General linear models were used to test the effect of cognitive impairment, therapy intensity and their interaction on functional gain (Table 4) . In Model 1, we regressed the change in ADL scores on cognitive impairment and therapy intensity, adjusting for the impact of a set of potential confounders (baseline demographic and clinical characteristics) that have been previously associated with functional gain in the context of stroke rehabilitation (Chen & Thompson, 2010) , or reported significant association with the outcome variable at the level of p < 0.20 in bivariate regression analysis. In Model 2, interaction term for cognitive impairment × therapy intensity was added in the basis of Model 1 to test whether cognitive impairment and therapy intensity interact to influence functional gain after adjusting for potential confounders. Partial η 2 was calculated as the measure of effect size in these multivariate regressions (0.01 = small effect, 0.06 = medium and 0.13 = large) (Cohen, 1988) . Table 1 presents baseline demographic and clinical characteristics of the whole sample, as well as distinguished between patients with and without cognitive impairment. The whole sample has an average age of 81.1 ± 7.4 years, with male and female being almost evenly distributed. 57.4% were married, and about one half of the sample received no formal education. Hypertension was the most common chronic diagnosis among the sample (58.8%) followed by gout (20.6%) and heart disease (20.3%). Average AMT score at the time of discharge was 7.9 ± 2.2 for the whole sample, with 71.1%
| RESULTS
| Baseline characteristics
(n = 273) had no cognitive impairment while 28.9% (n = 111) were cognitively impaired. Between-group difference test suggested that cognitively impaired patients were significantly older and less educated than those without impairment. Table 2 shows the distribution of three categories of therapy intensity among the whole sample, as well as for two groups of patients with and without cognitive impairment, respectively. For the whole sample, the "low-intensity" treatment group accounted for a slightly higher proportion (35.2%) than other two groups with higher intensity treatment (moderate 32.0%; high 32.8%). As for the cognitively impaired, the largest number of patients (47.7%) allocated to the "high-intensity" treatment group, followed by 31.5% received the "moderate-intensity" treatment, and the smallest number of patients (20.7%) received the "low-intensity" treatment. Between-group differences were found to be significant that cognitively impaired patients were more likely to receive "high-intensity" therapy but less likely to receive "low-intensity" therapy, whereas no significant difference was found in the likelihood of receiving "the moderateintensity" treatment between these two groups. Table 4 shows the results of the effect of therapy intensity and cognition impairment on functional gain. In Model 1, when the effect of covariate was adjusted, cognitive impairment was found to be a significant predictor of functional gain (β = −0.43, 95% CI = −0.72 to −0.15, p = 0.003) with small-to-moderate effect size (η 2 = 0.024).
| Therapy intensity of patients
| Change in outcomes of patients with and without cognitive impairment
| Effects of cognitive impairment and therapy intensity on functional outcomes
Specifically, Bonferroni comparisons (available under request)
indicated that the estimated marginal means for change in ADL score of the "cognitively impaired" group (mean = 0.71, 95% CI = 0.48-0.95) were significantly lower than that of the "no impairment" group (mean = 1.11, 95% CI = 0.97-1.26). Therapy intensity was also found to be a significant predictor of functional gain (β = 0.26, 95% CI = 0.10 to 0.42, p = 0.001) with small-to-moderate effect size (η 2 = 0.027). Bonferroni comparisons (available under request) of the three therapy intensity groups indicated that the estimated marginal means for the functional gain of both the "moderate-intensity" group (mean = 1.036, 95% CI = 0.80-1.27) and the "high-intensity" group (mean = 1.06, 95% CI = 0.84-1.28) were significantly higher than that of the "low-intensity" group (mean = 0.64, 95% CI = 0.37-0.91). In
Model 2, the interaction term (cognitive impairment × intensity) was found to be significantly associated with functional gain (β = −0.37, 95% CI = −0.70 to −0.04, p = 0.030) with small effect size (η 2 = 0.013). As shown in Figure 1 , within the "no impairment" group, patients with "high-intensity" treatment demonstrated the highest increase in ADL score, followed by patients with "moderate-intensity" treatment. However, within the "cognitively impaired" group, a different trajectory emerged that patients with the "moderate-intensity" treatment demonstrated the highest increase in ADL score, while patients with the "high-intensity" treatment ranked the second and patients with the "low-intensity" treatment ranked as the lowest.
| DISCUSSION
| Summary of key findings
Our study demonstrated that cognitive impairment affected func- Change score was calculated using the difference between pre-and postintervention scores. Note.
a Intensity categories were defined as low (<1 hr), moderate (1 to 3 hr) and high (>3 hr).
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| Cognitive status at discharge as an important predictor of functional recovery
Using a sample of community-dwelling poststroke older persons discharged from hospital to home, our study demonstrated the contribution of cognitive status at discharge as an important predictor of functional outcome after an 8-week rehabilitation intervention. Our results concerning the whole sample suggested that cognitive impairment at discharge lowered patients' functional outcome after adjustment for confounders. It is consistent with the literature that documented the relation of cognitive impairment with poor or limited rehabilitation outcomes (Hardy & Gill, 2004; McGilton et al., 2016) , supporting the viewpoint that cognitive impairment was an obstacle in geriatric rehabilitation (Uemura et al., 2013) . As we used absolute difference score to measure the effect of the intervention, we followed previous studies to address the possible "ceiling effect" by removing patients with a baseline score of 20 on Barthel ADL index and including a relatively comprehensive set of confounders as covariates in our multivariate analysis. Our results, like those of previous studies of stroke patients discharged from hospital, do not appear to have been influenced by the presence of a ceiling effect (Hsueh, Lin, Jeng, & Hsieh, 2002) .
| Cognitive impairment interacted with therapy intensity to affect functional recovery
It is worth noting that the influence of cognitive impairment on functional improvement achieved during rehabilitation could be intricate. While few of previous studies paid attention to the possibility that cognition may interact with the rehabilitation process to affect functional outcomes (Muir & Yohannes, 2009) , this study made a first step to examine the moderating effect of therapy intensity on T A B L E 4 Regression coefficients of cognitive impairment, rehabilitation intensity on change score of activity of daily living (ADL) after adjusting other covariates (N = 384) 
Impaired No impairment
Low Moderate High Change in ADL score F I G U R E 1 Estimated marginal means for the change in ADL score from discharge through an 8-week intervention for patients with and without cognitive impairment. Barthel ADL index ranges from 0-20, higher scores indicating better ADL function. Change in ADL score was calculated using the difference between pre-and postintervention scores. ADL, activity of daily living the relationship between cognitive impairment and functional recovery in stroke patients. Our results suggested that therapy intensity moderated the relationship between cognitive impairment and functional gain of patients, leading to distinct trajectories in functional recovery among patients with and without cognitive impairment. In the group of patients without cognitive impairment, those being treated with high-intensity rehabilitation reported the highest increase in ADL scores, followed by those being treated with moderate-intensity. This positive association between higher intensity rehabilitation and functional performance is consistent with findings of previous studies (Lenze et al., 2012; Singh et al., 2012) , providing additional support to the effectiveness of intense rehabilitation interventions deliverable in the home for patients without cognitive impairment (Andrews, Li, & Freburger, 2015; Linkewich, Cheung, Willems, Sharp, & Quant, 2016) .
Within the group of cognitively impaired patients, those being allocated with moderate-intensity reported significantly higher improvement in functional performance than those being treated with lower or higher intensity. Notably, the increases in ADL scores of the cognitive impaired group under the moderate-intensity treatment were found to be almost identical to that of patients without cognitive impairment (after adjustment for confounders including baseline ADL scores). This result clearly demonstrated the benefit of moderate-intensity rehabilitation for cognitively impaired patients and pointed out the possibility that cognitively impaired patients may do poorly with high-intensity therapy without specialised design to fit their needs. While this study was limited by available data on more detailed indicators of rehabilitation process, future studies are warranted to determine the mechanism cognitive impairment interacting with therapy intensity to hinder functional gains.
| Study limitations
There are several potential limitations in this study. First, we are only able to compare the functional status before and after the intervention, which restrained our ability to reveal the long-term effects of home-based rehabilitation among poststroke patients. Second, our analysis only differentiated patients according to whether they were cognitively impaired before the intervention with a brief screening tool. Further studies that differentiate individuals with various levels of cognitive impairment may provide more informative analysis concerning the potential and relative effect of cognitive status on functional recovery among stroke patients. Third, we acknowledge that therapy intensity is only one measure of rehabilitation process.
Future studies may build on our preliminary results to estimate the optimal cut-off points of therapy intensity, as well as of other possible measures of rehabilitation quality.
| Study implications
Although home-based rehabilitation with high intensity generally contributed to the betterment of functional status among older patients after a stroke, its moderating effect on the relationship between cognitive impairment and functional recovery has remained largely uninformed in the literature. Results of the current study added new evidence of favourable functional outcomes led by the increased therapy intensity among cognitively intact stroke patients, which may inform stroke management considerations in allocating more rehabilitation resources for adequate therapy intensity when serving these older stroke patients, given that therapy intensity was often a modifiable factor during the rehabilitation process. Meanwhile, our results advanced the understanding of cognitively impaired stroke patients by revealing their general pattern of functional recovery when being treated with different levels of rehabilitation. Homebased interventional rehabilitation targeting this vulnerable older population may need to go beyond a sole focus on increasing the intensity of intervention, instead, to develop more specialised evidence-based practices to better response the particular needs of this population.
| CONCLUSION S
Cognitive impairment at discharge was confirmed to be an important predictor of functional recovery through an 8-week interventional rehabilitation programme among poststroke older patients. Therapy intensity significantly moderated the relationship between cognitive impairment and functional improvement.
The increase in therapy intensity from moderate to high level benefitted patients without cognitive impairment but not those with cognitive impairment. These results should inform community-based rehabilitation decision-making to identify most costeffective service delivery model and to implement effective treatment strategies.
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